The model dependence of the predictions of nucleon resonances with hidden charm is investigated.
I. INTRODUCTION
In the classical quark models, each baryon is made of three constituent quarks [1] . The pattern of the spectra and the static properties of the ground and low-lying excited states of baryons can be described reasonably well within these models. However, there are large deviations between the predictions from these models and the experimental data [2] , such as the strong coupling of N * (1535) to the strangeness, and the mass order between N * (1535) and Λ * (1405). In the classical 3-quark models, the N * (1535) with (uud)-quarks is expected to be lighter than Λ * (1405) with (uds)-quarks. This problem may be solved by the penta-quark picture for these excited baryons. In the penta-quark models, the N * (1535) with [uu] [ds]s is naturally heavier than the Λ * (1405) with [ud] [sq]q [3] . Actually, the conventional orbital excitation energy of a original constituent quark in a baryon is already comparable to drag out apair from the gluon field. As a result, some excited baryons are proposed to be meson-baryon dynamically generated states [4] [5] [6] [7] [8] [9] [10] or states with large () components [3, 11, 12] . But because of the same resonances predicted by different models are in the similar energy region, there are always some adjustable ingredients in each model to fit the experimental data. Thus it is difficult to pin down the nature of these baryon resonances.
One way to avoid such difficulty is to replace light flavorin these baryons by cc. Brodsky et al. [13] proposed in the early 1980s that there are about 1% uudcc components in the proton. Recently, Refs. [14] [15] [16] have used different methods to predict some narrow hidden charm N * cc and Λ * cc resonances with masses above 4 GeV and widths smaller than 100 MeV. These resonances, if observed, absolutely cannot be ascribed to the conventional 3-quark states. Therefore, it is important to investigate the extent to which the predicted N * cc and Λ * cc resonances can be further firmly established.
In this work we focus on the predictions [14] from a Beijing-Valencia collaboration. Their results are from solving the following algebraic coupled-channel equations
where α, β, γ =DΣ c ,DΛ c , η c N, and s is the square of the C.M. energy. In Eq.
(1) the meson-baryon potential is based on the vector meson-exchange mechanisms of Ref. [5] and is written in the following separable form
where the E Mα is the on-shell energy of the α channel's meson, and m V is the mass of exchange vector. The factorized propagatorĜ γ (E) is calculated from either using the dimensional regularization or introducing a cutoff parameter Λ
whereq is on shell three momentum of MB system, ω M = q 2 + m 
where P is the total four momentum of the system, q, q ′ and k are the relative momenta.
For the considered vector meson-exchange, the interaction kernel is
where C is a coupling constant. The complications in solving Eq.(5) is well known, as discussed in, for example, Ref. [17] for πN scattering. Thus approximations, such as those used [14] in obtaining Eqs.(1)-(4), are needed for practical calculations. There exist other approximations to solve BS equations and alternative approaches to derive practical hadron reaction models from relativistic quantum field theory. It is thus necessary to investigate the extent to which the results from Ref. [14] depend on the approximations employed. This is the objective of this work. We will consider several coupled-channel models derived from using a unitary transformation method [18] and the three-dimensional reductions [19] of BetheSalpeter equation. These formulations have been used in studying πN scattering [18, 20, 21] , NN scattering [22] , and coupled-channel πN and γN reactions in the nucleon resonance region [23, 24] .
In section II, we present the considered coupled-channel formulations and discuss their differences with Eqs. (1)-(4) . The numerical procedures for solving the considered coupledchannel equations are described in section III. We then investigate in section IV, the numerical consequences of the differences between different coupled-channel models in predicting the resonance positions and the reaction cross sections. A summary is given in section V.
II. FORMALISM
Following Ref. [14] , we assume that the interactions between the considered meson-baryon (MB) channels are due to the vector meson-exchange mechanism and can be calculated from the following interaction Lagrangian
with be written as (suppressing the spin quantum numbers) (10) where the sub-indices i, j stand for the M i B i and M j B j channels, I is the total isospin of the system, V denotes the exchanged vector meson, q i is the relative momentum of the M i B i channel in the center of mass frame, p α is the the four-momentum of particle α, u in Eqs. (9) and (10) are taken from Ref. [14] and listed in the Tables I and II .
in the Eq.(9) for the P B system in the sector I = 1/2, 3/2, S = 0.
The exchanged vector mesons V = ρ, ω, D * are indicated next to the values of the coefficients.
in the Eq. (10) 
We consider the coupled-channel models derived by using the unitary transformation method of Ref. [10, 18] and the three-dimensional reductions of Bethe-Salpeter equations employed in Ref. [21] . In the center of mass (CM) frame, the scattering equations within these models can be cast into the following general form (suppressing the spin quantum numbers)
where α = P B, V B, q i is the relative three-momentum in channel i, √ s is the total energy, and
i is the energy of the particle α = M, B with a mass m α i . All external particles in the MB channels are on their mass-shell. Explicitly, we choose
In Eq. (11), the calculation of the driving termV (10) and the function N( q k , √ s) in the propagator depend on the approximations used in deriving the above three-dimensional equations from the relativistic quantum field theory. In the following, we specify these two ingredients in each model.
A. Model based on unitary transformation method
2. The driving term is calculated from the invariant amplitudes M of Eqs. (9)- (10) by expressing the four-momentum of the exchanged vector meson in terms of the incloming and outgoing momenta. Explicitly, we use Eq. (9) for P B → P B to get
where the kinematic variables are given in Eq.(12).
The procedure for calculating the V B → V B from Eq. (10) is same since the factor
· ǫ M j does not depend on p V of the exchanged vector meson.
B. Models based on three-dimensional reductions
We consider the three-dimensional reductions developed by Kadyshevsky, Blankenbecler and Sugar, and Thompson,as explained in Ref. [21] . All have the same form of the potential which is defined by setting the time component of the four-momentum of the exchanged vector meson V to zero. By using Eq. (9) for P B → P B, we get
The procedure for calculating the V B → V B from Eq. (10) 
2. Blankenbecler-Sugar :
3. Thompson:
Note that for the on-shell momentum, defined by
. Thus all models satisfy the same unitarity condition defined by the cuts of the propagators of Eq.(11).
III. CALCULATION PROCEDURES
In this section, we describe our procedures for solving the coupled-channel equations to obtain the MB → MB cross sections.
It is convenient to cast Eq.(11) into the following familiar form
where α = P B, V B, and
With the normalization < p| p ′ >= δ( p − p ′ ) for plane wave states, we obtain from Eq.(18) the following coupled-channel equations in each partial wave
where J is the total angular momentum; L i and S i are the orbital angular momentum and total spin of the M i B i channel, and the propagator is
The matrix elements of the potential in Eq. (21) can be conveniently calculated from Eq. (19) by using the LSJ-helicity transformation [23] . Explicitly, we obtain
where λ α is the helicity of particle α, and by writting Eq. (13) or Eq. (14) (and also the similar forms for V B) in helicity representation we can evaluate
where cosθ =q 1 ·q 2 , and the matrix element in the integrand can be calculated by writing Eq. (13) or Eq. (14) (and also the similar forms for V B) in helicity representation for each of the considered coupled-channel models.
where (I M m I M , I B m I B ) are the isospin quantum numbers of MB, and the form factor is chosen as
where the cut-off parameter Λ V is assumed the same value for all exchanged vector mesons for simplicity.
The differential cross sections are calculated from the partial-wave amplitudes by
Obviously,
IV. THE RESULTS
In this section, we show the results from four models listed in Sec.II, and then discuss their differences with previous works [14] [15] [16] .
A. The results of 4 models listed in Sec.II
We first consider the model based on the unitary transformation method described in subsection II.A. We determined the resonance pole positions (
) by using the analytic continuation method of Ref. [25] . We find that the resonance positions are sensitive to the cutoff Λ, as seen in Table III . The resonances are generated only when the cutoff is larger than 800 MeV. As the cutoff Λ changes from 800 MeV to 2000 MeV, the PB System VB System correspond to 4 models listed in Table IV .
B. Comparison with previous works
In Ref. [14] using Valencia model, the mass and width of predicted resonance in the PB system is about 4265 MeV and 23 MeV (for η c N channel only). Both binding energy and width are much larger than the results in this work. All models considered in this work differ from the model used in Ref. [14] in calculating the MB → MB potentials Eqs. (9)- (10). We will get the form used in Ref. [14] , if we : (1) (18) where the potential V with integral momentum dependence is inside the integration. Eq. (1) and Eq. (18) give the different results. The solid line is for the full potential, corresponding to A in Table V ; The dashed line is for the neglect of spin of baryons, corresponding to A ′ in Table V ; The dot-dashed line is for the neglect of both spin of baryons and momentum of exchange vector, corresponding to A ′′ in Table V .
Besides Ref. [14] , there are two later publications [15, 16] also predicting the existence of N * around 4.3 GeV with hidden charm.
In Ref. [15] , the S-wave Σ cD and Λ cD states with isospin I=1/2 and spin S=1/2 are dynamically investigated within the framework of a chiral constituent quark model by solving a resonating group method (RGM) equation. The calculation not only includes vector mesons (ρ and ω) exchange, but also scalar(σ) meson exchange, which provides an additional attractive force. Therefore, the binding energy in Ref. [15] is larger than that in this work.
The mass of the bound state ofDΣ c is about 4279 − 4316MeV.
In Ref. [16] , the Schrodinger Equation was used to find the bound state ofDΣ c andD * Σ c with effective meson exchange potential. For the PB system, the ρ, ω and σ exchanges were considered. They tried the different sign of coupling constants of various vertices. When they chose the ω exchange to be repulsive, and the ρ and σ exchange to be attractive, they also found the isospin 1/2 bound state ofDΣ c with cut off Λ > 1.6 GeV. The binding energy is about 0 − 16MeV corresponding to Λ = 1.6 − 2.2GeV, similar to the results in this work. Similarly the super-heavy N * with hidden beauty should also exist although the binding energies may be not as large as given by the simple Valencia model calculation of Ref. [26] .
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